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H[KDXVWHG &RQVHTXHQWO\ QHZ WHFKQRORJLHV DUH QHHGHG HVSHFLDOO\ XVLQJ UHQHZDEOH HQHUJLHV FRPELQHG
ZLWKFRQYHQWLRQDOSURSXOVLRQV\VWHPV

7KHDLPRI(8&DUJR;SUHVVSURMHFW LV WRGHYHORSDQHZJHQHUDWLRQRIFRPSHWLWLYHFDUJRYHVVHOVIRU
DFFHOHUDWHGPDULWLPHDQGIOXYLDOVKLSSLQJXVLQJLQQRYDWLYHFRQFHSWVDQGWHFKQRORJLHVLQRUGHUWRVXSSRUW
WKH JUHHQLQJ RI VXUIDFH WUDQVSRUW DQG SUHSDUH IRU IDVW DQG HIILFLHQW PRGDO VKLIW LQ SRUWV 2QH RI WKH
FRQVLGHUDWLRQVRIWKLVSURMHFWLV WRXVHVXVWDLQDEOHHQHUJLHVVXFKDVWKHVRODUHQHUJ\RUZLQGHQHUJ\WR
UHGXFH IXHO FRQVXPSWLRQ IRU VRPH WUDQVSRUW VFHQDULRV ,Q WKLV SDSHU WKH ZLQGFRQWULEXWLRQ UHVHDUFK LV
SUHVHQWHG
6WDWHRIWKHDUW
,QWKLVVHFWLRQWKHH[LVWLQJWHFKQRORJLHVZKLFKXVHWKHZLQGDVDVRXUFHRISRZHUDUHSUHVHQWHGVDLOV
RQPDVWV)OHWWQHUURWRUVWXUERVDLOVNLWHVDQGVWUXFWXUDOZLQJV

6DLOVRQPDVWV6DLOVRQPDVWVLQFOXGHERWKWUDGLWLRQDOVDLOVDQGZLQJVZKLFKDUHDLUIRLOOLNHVWUXFWXUHV
WKDW DUH VLPLODU WR DLUSODQHZLQJV ,Q WKH ODWH V WKH KLJK RLO SULFH VWLPXODWHG WKH LQWHUHVW LQ ZLQG
SRZHUIRUPHUFKDQWYHVVHOV6RPHLQWHUHVWLQJYHVVHOVZHUHEXLOWRUFRQYHUWHGOLNHWKH³6KLQ$LWRNX0DUX´
WDQNHUDQGWKH³8VXNL3LRQHHU´EXONFDUULHU2¶5RXUNH&XUUHQWO\ WKH6RODU6DLORU&RPSDQ\KDV
SDWHQWHG6RODU6DLOVZKLFKKDUQHVVUHQHZDEOHVRODUDQGZLQGHQHUJ\VLPXOWDQHRXVO\0RUHRYHUWKHP
ORQJFUXLVHYHVVHO³(RVHDV´KDVEHHQGHVLJQHGWRFDUU\VL[VDLOVZLWKDWRWDOVXUIDFHRIPð

)OHWWQHU URWRU 7KLV WHFKQRORJ\ XVHV WKH0DJQXV IRUFH WR SURSHO D YHVVHO 7KLV URWRU LV D F\OLQGHU
URWDWLQJDURXQGLWVRZQD[LVDQGH[SRVHGWRDQDLUIORZPRYLQJDWULJKWDQJOHVWRWKDWD[LV7KHF\OLQGHU
H[SHULHQFHVDODWHUDOIRUFHWKDWDFWVDWULJKWDQJOHVWRWKHDLUIORZDQGWKHD[LVRIURWDWLRQ,Q$QWRQ
)OHWWQHU UHEXLOW WKH VDLOLQJ VKLS ³%XFNDX´ ,W ZDV HTXLSSHG ZLWK WZR URWRUV EXW WKH V\VWHP ZDV OHVV
HIILFLHQW WKDQ FRQYHQWLRQDO HQJLQHV %XW UHFHQWO\ (1(5&21 &RPSDQ\ KDV EXLOW D  PHWHUV ORQJ
YHVVHOZLWKIRXU)OHWWQHUURWRUV(1(5&21,WLVHVWLPDWHGWKDWWKHYHVVHOFDQUHGXFHIXHOFRVWE\


7XUERVDLOV,QWKHV&DSWDLQ-DFTXHV&RXVWHDXDQGKLVFROOHDJXHVGHVLJQHGDQGSURWRW\SHGWKHILUVW
ZLQGSURSXOVLRQF\OLQGHUEDVHGRQWKH6DYRQLXVSULQFLSOH WKH7XUERVDLO6\VWHP,QWKH\SDWHQWHG
WKHLGHDQDPHG³$SSDUDWXVIRUSURGXFLQJDIRUFHZKHQLQDPRYLQJIOXLG´$WXUERVDLOLVDIL[HGKROORZ
URWDWLQJPHWDOF\OLQGHUWKDWZRUNVOLNHDQDLUSODQHZLQJ7KHF\OLQGHULVSHUIRUDWHGZLWKWKRXVDQGRIOLWWOH
KROHVWRDOORZWKHDLUWRHQWHUDQGHVFDSH)DQVPRYHGE\HQJLQHVDUHSODFHGDWWKHWRSRIWKHWXUERVDLOWR
DFFHOHUDWH WKHIORZDURXQG WKHZLQJPDVWVDQG LQFUHDVH WKH OLIWSURGXFLQJ WKHGULYLQJIRUFHIRUZDUG$
VKLSFDOOHG$OF\RQHZDVEXLOGDQGHTXLSSHGZLWKWZRPKLJKWXUERVDLOV7ZRGLHVHOHQJLQHVSURYLGHG
WKHQHFHVVDU\SRZHUWRFRPSOHPHQWWKHZLQG

.LWHV$W OHDVW WZR ILUPV KDYH GHYHORSHG NLWHDVVLVWHG V\VWHPV IRU DSSOLFDWLRQ WR FRPPHUFLDO FDUJR
VKLSVWKH*HUPDQFRPSDQ\6N\6DLOV6N\6DLOVQGDQGWKH$PHULFDQ.LWH6KLS.LWH6KLSQG,Q
LWZDVDQQRXQFHGWKDW%HOXJD6KLSSLQJKDGSXUFKDVHGD6N\6DLOVNLWHV\VWHPWREHLQVWDOOHGRQWKHQHZO\
EXLOWPHWHUKHDY\FDUJRIUHLJKWHU06%HOXJD6N\6DLOV,WLVHVWLPDWHGWKDWXVLQJNLWHVWKHIXHOFRVWV
FDQEHORZHUHGEHWZHHQGHSHQGLQJRQWKHZLQGFRQGLWLRQV

6WUXFWXUDOZLQJ7KLVLQQRYDWLYHFRQFHSWLVGHYHORSHGRQWKH(8&DUJR;SUHVVSURMHFW5RVHQNUDQ]
QG
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(8&DUJR;SUHVVSURMHFW
7KLV LV D FROODERUDWLYH 3URMHFW RI WKH 6HYHQWK )UDPHZRUN 3URJUDP FDOOHG ³*UHHQLQJ RI VXUIDFH
WUDQVSRUW WKURXJK DQ LQQRYDWLYH DQG FRPSHWLWLYH &$5*29(66(/ &RQFHSW FRQQHFWLQJ PDULQH DQG
IOXYLDO LQWHUPRGDO SRUWV´ RU WKH DFURQ\P ³(8&DUJR;SUHVV´ ,W LV DQ RQJRLQJ SURMHFW GXULQJ WKH
UHGDFWLRQRIWKLVSDSHU7KHFRQFOXVLRQVRIWKHSURMHFWDUHH[SHFWHGWREHGUDZQWKURXJKRXW

7KH SURMHFW FRQFHQWUDWHV RQ WKRVH VXEMHFWV ZKLFK KDYH WKHPD\RU LPSDFW RQ IXWXUH VXVWDLQDEOH DQG
JUHHQPDULQHWUDQVSRUWLQYHVWLJDWLQJDOWHUQDWLYHHQHUJ\IRUPVXVDJHDQGFRQYHUVLRQEHVWORZUHVLVWDQFH
KXOO IRUPV PDWHULDOV WR ORZHU WKH OLJKWZHLJKW RI WKH YHVVHO DQG LQQRYDWLYH FDUJR ORDGLQJ DQG SRUW
DFFHVVLQJGHYLFHVPDNLQJWKLVFRQFHSWYHU\FRPSHWLWLYHWRWKHHYHUJURZLQJURDGWUDQVSRUW7KHSODQQHG
FRPSHWLWLYHFDUJRYHVVHOLQFOXGHVKLJKO\LQQRYDWLYHIHDWXUHVQRW\HWXVHGE\WKHPDULQHFRPPXQLW\

,QWKHIROORZLQJWKHVSHFLILFDWLRQVRIWKHFDUJRYHVVHOFXUUHQWO\DYDLODEOHDUHSUHVHQWHG7KHVHYDOXHV
DUHOLNHO\WREHVOLJKWO\PRGLILHGE\WKHHQGRIWKHSURMHFW6XPPDU\RIWKHLQLWLDOSURMHFWFKDUDFWHULVWLFV

x 7\SH&DUJR9HVVHOW\SH
x +6&FRGHFRDVWDOWUDQVSRUWIRUIHHGHU
x 0DLQGLPHQVLRQV/HQJWKPEHDPPGUDXJKWP
x 'LVSODFHPHQWPW
x &DSDFLW\7(8
x 'HDGZHLJKWW
x 6SHHGNQ
x &DWDPDUDQZLWKVDLOZLQJDQGFUDQH

7KHFRQFHSWRIDVWUXFWXUDOZLQJLVRQHRIWKHSLOODUVRIWKH(8&DUJR;SUHVVSURMHFW,WLVDQLQQRYDWLYH
FRQFHSWWRXVHSDUWRIWKHVXSHUVWUXFWXUHDVDVDLOZLQJ7KHSURMHFWVWXGLHVWKHSRVVLELOLW\RIGHVLJQLQJWKH
FRYHURI WKHKROGVDVDVDLO0RUHRYHU WKHFRYHUVXSHUVWUXFWXUHFRXOGDOVREH WKHFUDQHIRU ORDGLQJDQG
XQORDGLQJFRQWDLQHUV7KDWLVLIWKHZLQGLVDSSURSULDWHWKHZLQJLVKRLVWHGDQGXVHGWRSURSHOWKHYHVVHO
,IWKHUHLVQRZLQGRULWLVQRWDGHTXDWHWKHZLQJLVORZHUHGWRFRYHUWKHKDWFKHV,IWKHYHVVHOLVLQSRUW
WKHZLQJEHFRPHVWKHFUDQH


)LJ(8&DUJR;SUHVVSURMHFW
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,QWKLVSDSHUWKHVWXG\FRQGXFWHGDWWKH8QLYHUVLGDG3ROLWpFQLFDGH0DGULGLVSUHVHQWHG,WLVIRFXVHG
RQWKHDHURG\QDPLFFRQWULEXWLRQRIWKHVWUXFWXUDOVDLO,WLVDVVXPHGWKDWZKDWHYHUWKHORDGVDSSOLHGRQWKH
VDLOWKHFDWDPDUDQKDVWKHVXIILFLHQWVWDELOLW\DQGVWUXFWXUDOVWUHQJWK
6DLOSHUIRUPDQFH
7KUHHGLIIHUHQWVKDSHVRIWKHVXSHUVWUXFWXUHKDYHEHHQVWXGLHGDQGWKH\FRQWULEXWLRQWRWKHSURSXOVLRQ
KDYHEHHQTXDQWLILHG)LUVWDQXPHULFDODQDO\VLVKDVEHHQFRQGXFWHGXVLQJFRPSXWDWLRQDOIOXLGG\QDPLF
&)' VRIWZDUH 7KHQ D PRGHO RI WKH PRVW HIIHFWLYH VKDSH KDYH EHHQ PRGHOHG DQG WHVWHG LQ D ZLQG
WXQQHO:7WRYDOLGDWHWKHUHVXOWVREWDLQHGIURPWKHVRIWZDUH
6LPXODWLRQV
7KH QXPHULFDO DQDO\VLV KDV EHHQ FDUULHG RXW XVLQJ WKH FRPSXWDWLRQDO IOXLG G\QDPLF VRIWZDUH &'
$GDSFR
V 67$5&&0  &'$GDSFR  ZKLFK LV D 5H\QROGV $YHUDJHG 1DYLHU 6WRNHV
(TXDWLRQV EDVHG VROYHU 7KH FDOFXODWLRQV RI WKLV VWXG\ KDYH EHHQ UXQ DW DQ ,QWHO &RUH L
3URFHVVRUZLWK D /LQX[  NHUQHO$ W\SLFDO VLPXODWLRQ KDV UHTXLUHG DURXQG  KRXUV IRU D 
PLOOLRQHOHPHQWPHVK

7KH SK\VLFDO PRGHOV XWLOL]HG DV LQ ,]DJXLUUH$O]D HW DO  LQ WKHVH VLPXODWLRQV DUH WKUHH
GLPHQVLRQDO VWDWLRQDU\ JDV DLU FRQVWDQW GHQVLW\ WXUEXOHQW 667 NRPHJD VHJUHJDWHG IORZ PRGHO
LPSOLFLW XQVWHDG\ DQG DOO \ ZDOO WUHDWPHQW 7KH PRVW VXLWDEOH ERXQGDU\ FRQGLWLRQV QHFHVVDULHV WR
UHSURGXFH WKHUHDOEHKDYLRURI WKHVDLOKDYHEHHQVHWQRVOLSZDOO VDLOEULGJHVOLSZDOOV GHFNVLGHV
VN\YHORFLW\LQOHWLQIORZDQG]HURSUHVVXUHRXWOHWRXWIORZ7KHWUXHZLQGLVWKHDLUIORZSURGXFHGLQ
WKHDWPRVSKHUHGXH WRQDWXUDOFDXVHVZKHUHDV WKHDSSDUHQWZLQG LV WKH WUXHZLQGPLQXV WKHERDWVSHHG
7KH DSSDUHQW ZLQG LV WKH DLUIORZ H[SHULPHQWHG E\ VRPHERG\ RU WKH ULJJLQJ ZKHQ WKH YHVVHO VDLOV
7KHUHIRUHDWWKHLQOHWWKHDSSDUHQWZLQGLVVSHFLILHG

7KH[D[LVLVWKHFHQWHUOLQHSRVLWLYHWRWKHERZWKH]D[LVLVWKHYHUWLFDOGLUHFWLRQSRVLWLYHXSZDUGV
DQGWKH\D[LVLVWKHWUDQVYHUVDOGLUHFWLRQSRVLWLYHWRSRUW7KHRULJLQRIWKHUHIHUHQFHV\VWHPLVWKHFHQWHU
RI WKH D[LV DURXQGZKLFK WKH VDLO LV KRLVWHG7KH UHIHUHQFH V\VWHP LV IL[HG WR WKH VDLO DQG WKHZLQG LV
LQWURGXFHG ZLWK GLIIHUHQW DQJOHV ,Q RUGHU WR REWDLQ WKH WKUXVW DQG WKH SRZHU SURYLGHG E\ WKH VDLO WKH
DSSURSULDWHJHRPHWULFDOWUDQVIRUPDWLRQVDUHFRQGXFWHG

 
)LJD3HUVSHFWLYHYLHZEVLGHYLHZRIWKHILUVWJHRPHWU\UHGVHFRQGJHRPHWU\EOXHDQGWKLUGJHRPHWU\JUHHQ
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,W KDV EHHQ DVVXPHG WKDW WKH VDLO ZLOO EH KRLVWHG ZLWK ZDYH KHLJKWV ORZHU WKDQ  PHWHUV ZKLFK
FRUUHVSRQGWRWUXHZLQGVSHHGVRINQRWV7DNHQLQWRDFFRXQWWKHVWXGLHGRSHUDWLRQDUHDVVHHVHFWLRQ
 WKLVVHDFRQGLWLRQRFFXUVWKHRIWKH WLPH7KHVHWUXHZLQGVSHHGVOHDGWRDSSDUHQWZLQGVSHHGV
$:6ZKLFKUDQJHIURPNQRWWRNQRWVDSSUR[LPDWHO\7KHDSSDUHQWZLQGDQJOHLQWURGXFHGUDQJHV
IURPIURPWKHVWHUQWRVWDUERDUG,IWKHDSSDUHQWZLQGDQJOH$:$LVJUHDWHUWKDQWKHVDLO
URWDWHV XQWLO WKH UHODWLYH DSSDUHQW ZLQG DQJOH EHFRPHV DJDLQ  7KHUHIRUH WKH VDLO SHUIRUPDQFH LV
VWXGLHGRQO\XSWR$FFRUGLQJWRWKHFDUJRYHVVHOVSHFLILFDWLRQVWKHVDLOURWDWHVWRHDFKVLGH
*HRPHWULHV
7KUHH JHRPHWULHV RI WKH VWUXFWXUDO VDLO KDYH VLPXODWHG7KH ILUVW JHRPHWU\ KDV D URXQGHG VKDSH DQG
FXUYHGHGJHV7KHVHFRQGJHRPHWU\LVIODWZLWKWZRDLOHURQVRQHRQHDFKVLGH7KHWKLUGJHRPHWU\LVHYHQ
IODWWHUDQGLWKDVVPRRWKURXQGHGHGJHV7KLVODVWJHRPHWU\KDVWKHPRVWVOHQGHUVKDSHDPRQJWKHWKUHHRI
WKHPDVLWFDQEHREVHUYHGLQILJXUH7KHIRUFHVDQGPRPHQWVFDOFXODWHGZLWKWKH&)'DUHUHIHUUHGWR
WKHVHVKDSHV
&RPSDULVRQ
)RUFHVDUHFDOFXODWHGDWGLIIHUHQWDSSDUHQWZLQGDQJOHV$:$6LQFHWKHGLPHQVLRQVRIWKHVKDSHVDUH
GLIIHUHQW LQ RUGHU WR FRPSDUH WKH VDLO SHUIRUPDQFH LW LV DFRPPRQSUDFWLFH WRFDOFXODWH GLPHQVLRQOHVV
FRHIILFLHQWV)RUH[DPSOHWKHIRUFHFRHIILFLHQWLVGHILQHGDVHTXDWLRQZKHUH³)´LVWKHIRUFHREWDLQHG
XVLQJ WKH &)' LQ 1 ³ȡ´ LV DLU GHQVLW\ LQ NJPñ ³6´ LV VDLO WRWDO DUHD LQ Pð DQG ³$:6´ LV WKH
DSSDUHQWZLQGVSHHGZKLFKKDVEHHQVHWDWWKHLQOHWLQPV



,QILJXUHWKHORQJLWXGLQDOIRUFHFRHIILFLHQWDQGWKHVLGHIRUFHFRHIILFLHQWDUHSORWWHG)URPWR
WKHUHVXOWVSUHVHQWHGDUHREWDLQHGGLUHFWO\IURPWKHIRUFHVRIWKH&)')URPWRWKHYDOXHDW
LVWUDQVIRUPHGJHRPHWULFDOO\DVVXPLQJWKDWWKHVDLOURWDWHVXSWRDVPHQWLRQHGEHIRUH

7KHPRVWLPSRUWDQWFRQWULEXWLRQWRWKHWKUXVWFRPHVIURPWKHSRVLWLYHORQJLWXGLQDOIRUFH7KHUHIRUHD
KLJKSRVLWLYHYDOXHRI&;LVGHVLUDEOH2QWKHRWKHUKDQGWKHVLGHIRUFHFRQWULEXWHVQHJDWLYHO\WRWKUXVW
DQGPRUHRYHU LWGHFUHDVHV WKH VWDELOLW\&RQVHTXHQWO\ VPDOO DQGQHJDWLYHYDOXHVRI&<DUHEHWWHU7KH
ILJXUH RI &= LV QRW LQFOXGHG VLQFH WKH YDOXHV DUH VPDOO DQG FRQVWDQW UHJDUGOHVV RI WKH DSSDUHQW ZLQG
DQJOHVDVLWZDVH[SHFWHG

$VLWFDQEHVHHQLQILJXUHDWKHFXUYHRIWKHILUVWJHRPHWU\KDVDJUHDWGHFUHDVLQJVORSH0RUHRYHU
DIWHURIDSSDUHQWZLQGDQJOHWKHVDLOVFRQWULEXWHQHJDWLYHO\DQGJHQHUDWHUHVLVWDQFHLQVWHDGRIWKUXVW
7KHWKLUGJHRPHWU\DOVRGHFD\VEXWLQDOHVVSURQRXQFHGZD\DQGLWVORQJLWXGLQDOIRUFHFRHIILFLHQWFXUYH
LVWKHKLJKHVWRQHZKLFKLQGLFDWHVWKDWWKLVVKDSHLVWKHPRVWHIILFLHQWRQH


 $:66
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
)LJD/RQJLWXGLQDOIRUFHFRHIILFLHQWE6LGHIRUFHFRHIILFLHQW
,Q ILJXUH E WKH VLGH IRUFH FRHIILFLHQW LV SORWWHG7KH ILUVW JHRPHWU\ SURGXFHV WKH YHVVHO VDLO GRZQ
OHHZDUGLQWKHZKROHUDQJHZKHUHDVWKHVHFRQGDQGWKHWKLUGSHUPLWVWKHYHVVHOVDLOXSZLQGZDUGIRUORZ
DSSDUHQWZLQGDQJOHV$SSUR[LPDWHO\IURPRQWKHVHVDLOVDOVRJHQHUDWHDIRUFHGRZQOHHZDUG$WORZ
DSSDUHQW ZLQG DQJOHV WKH WKLUG JHRPHWU\ LV YHU\ HIILFLHQW ZKHUHDV DW KLJK DSSDUHQW ZLQG DQJOHV WKH
VHFRQGJHRPHWU\LVVOLJKWO\EHWWHU$FFRUGLQJWRWKHILJXUHVDDQGEWKHVHFRQGDQGWKLUGJHRPHWULHV
DUHWKHPRVWHIIHFWLYHRQHV

1RZWKHSRZHUWKDWFRXOGEHVDYHGDWDFRQVWDQWYHVVHOVSHHGLVFDOFXODWHGIRUERWKVKDSHV7KHYDOXH
RI IRUFHV LV REWDLQHG IURP WKH &)' WKHQ WKH WKUXVW LV FDOFXODWHG ,I D FRQVWDQW YHVVHO VSHHG 96 LV
DVVXPHGWKHSRZHU3VDYHG LVREWDLQHGE\VLPSO\PXOWLSO\LQJWKHWKUXVWDQGWKLVVSHHG7KURXJKRXWWKH
VWXG\LWKDVEHHQDVVXPHGWKDWWKHYHVVHOVSHHGLVFRQVWDQWUHJDUGOHVVRIWKHZLQGFRQWULEXWLRQ7KHJRDO
RIXVLQJWKHVDLOLVWKHUHGXFWLRQRIIXHOFRQVXPSWLRQDQGQRLQFUHDVLQJWKHYHVVHOVSHHG













)LJ6DYHGSRZHUDWNQRWVRIYHVVHOVSHHGSURYLGHGE\WKHVHFRQGDQGWKLUGJHRPHWULHV
,QILJXUHWKHYDOXHVRI3VDYHGDUHSUHVHQWHGIRUWKHVHFRQGDQGWKLUGJHRPHWULHVDWGLIIHUHQWWUXHZLQG
VSHHGV 7:6 DQG WUXHZLQG DQJOHV 7:$ ,Q WKLV FDVH FRQVWDQW NQRWV RI YHVVHO VSHHGKDYHEHHQ
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DVVXPHG:LWKWKHVHILJXUHVLWFDQEHHDVLO\HYDOXDWHWKHSRWHQWLDORIWKHVDLOVLQGLIIHUHQWVFHQDULRV)RU
H[DPSOHZLWKWKHWKLUGJHRPHWU\ LI WKHPHDQWUXHZLQGLVNQRWVDWDFHUWDLQRSHUDWLRQDUHDLWFDQEH
H[SHFWHGDWKUXVWEHWZHHQN:DQGN:GHSHQGLQJRQWKHZLQGGLUHFWLRQDQGWKHVDLOLQJFRXUVH
)LJXUH VKRZV WKDW IRU VWURQJZLQGVDQG WKHDSSURSULDWHFRPELQDWLRQRI VDLOLQJFRXUVHZLQGGLUHFWLRQ
WKHVDLOFRXOGSURYLGHDOPRVWN:
9DOLGDWLRQ
$FFRUGLQJWRWKHGLVFXVVLRQRIWKHSUHYLRXVVHFWLRQDPRGHORIWKHWKLUGVKDSHKDVEHHQEXLOWDQGWKH
&)'GDWDKDVEHHQYDOLGDWHGZLWKZLQGWXQQHO:7WHVWV7KHVHKDYHEHHQFRQGXFWHGDWWKH,'5830
,QVWLWXWR 8QLYHUVLWDULR GH0LFURJUDYHGDG ³,JQDFLR 'D 5LYD´ 7KLV LV DQ ,QVWLWXWH RI WKH 8QLYHUVLGDG
3ROLWpFQLFD GH 0DGULG 830 IRU 5	' DFWLYLWLHV LQ WKH ILHOG RI VSDFH VFLHQFH PLFURJUDYLW\ DQG
HQJLQHHULQJ7KHZLQG WXQQHO WKDWKDVEHHQXVHG LV WKH$ ,W LV DQRSHQ UHWXUQDQGFORVHG WHVW VHFWLRQ
ZLQGWXQQHO7KLVVHFWLRQLVPORQJPKLJKDQGPZLGH

)RUFHVDQGPRPHQWVKDYHEHHQPHDVXUHGIRUGLIIHUHQWDSSDUHQWZLQGDQJOHVDQGWKH&)'FRQGLWLRQV
KDYH EHHQ UHSURGXFHG $V ZHOO DV LQ WKH SUHYLRXV DQDO\VLV WKH IRUFHV KDYH EHHQ WUDQVIRUPHG LQWR
GLPHQVLRQOHVVFRHIILFLHQWV,QILJXUHWKHORQJLWXGLQDOIRUFHDQGVLGHIRUFHFRHIILFLHQWVREWDLQHGZLWKWKH
ZLQGWXQQHOGDWDDUHSORWWHGWRJHWKHUZLWKWKH&)'GDWD$VLWFDQEHVHHQWKHUHVXOWVDUHSURPLVLQJ7KH
PRVW LPSRUWDQW FRHIILFLHQW LV WKH &; VLQFH LW UHSUHVHQWV WKH ODUJHVW IRUFH YDOXH 7KH ZRUVW GLIIHUHQFH
EHWZHHQ WKH&)'DQGZLQG WXQQHOGDWDRFFXUVDWRIDSSDUHQWZLQGDQJOHDQG LW LVXQGHU,W LV
FOHDUWKDWWKH&)'FXUYHVFDSWXUHWKHWHQGHQF\HYHQWKHSHDNDW,QWKHVLGHIRUFHFRHIILFLHQWFDVHWKH
FXUYHV GLIIHU 6LQFH WKH FRQWULEXWLRQ RI WKH VLGH IRUFH WR WKH WKUXVW LV FRQVLGHUDEOH OHVV WKDQ WKH
ORQJLWXGLQDO IRUFH WKH IDFW RI EHLQJ VOLJKWO\ GLIIHUHQW GR QRW LPSO\ FRQVLGHUDEOH YDULDWLRQV ZKHQ
FRPSDULQJWKHSRZHUSURYLGHGDVLWLVSURYHQLQQH[WVHFWLRQ

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5HDOVFHQDULR
,WKDVEHHQSURYHQWKDWWKHVWUXFWXUDOVDLOFDQSURYLGHDODUJHYDOXHRISRZHUDWDFHUWDLQFRPELQDWLRQ
RIZLQGLQWHQVLW\DQGDQJOH%XWQRZDUHDOVFHQDULRPXVWEHLQWURGXFHGLQZKLFKWKHPRVWFRPPRQZLQG
LQWHQVLWLHVDQGWKHLUSUREDELOLW\RIRFFXUUHQFHDUHWDNHQLQWRDFFRXQW6L[URXWHVKDYHEHHQFKRVHQDORQJ
ZKLFK WKLVFDUJRYHVVHOFRXOGQDYLJDWH7KH URXWHVKDYHEHHQSURYLGHGE\ WKHSDUWQHURI WKHSURMHFW LQ
FKDUJHRIWKHRSHUDWLRQDOLVVXHV
:LQGFKDUDFWHULVWLFV
,Q RUGHU WR FKDUDFWHUL]H WKH ZLQG DW GLIIHUHQW URXWHV WKH LQWHQVLW\ GLUHFWLRQ DQG SUREDELOLW\ DUH
UHTXLUHG2QH RI WKHPRVW FRPSOHWH GDWDEDVH XVHG LQ WKHPDULWLPH ILHOG LV WKH*OREDO:DYH 6WDWLVWLFV
*:6%077KHLQIRUPDWLRQJLYHQLVUHODWHGWRZDYHVEXWWKHUHLVDFRUUHODWLRQEHWZHHQWKRVH
ZDYH KHLJKWV DQG WKH ZLQG VSHHG DW  PHWHUV DERYH VHD OHYHO 7KH VHDV DQG RFHDQV DUH GLYLGHG LQ
GLIIHUHQWDUHDV(DFKDUHDLVDOVRGLYLGHGLQWRGLUHFWLRQVRIZLQGDQGLQWRVHDVRQVLQD\HDU7KH*:6
SURYLGHV WKH SUREDELOLW\ LQ HDFK DUHD LQ HDFK VHDVRQ DQG LQ HDFK GLUHFWLRQ RI KDYLQJ FHUWDLQ ZLQG
LQWHQVLW\
3UREDELOLW\
7KHVDYHGSRZHUWKDWLWLVREWDLQHGIURPWKHVDLOKDVEHHQFDOOHG3VDYHGDWLWLVFDOFXODWHGGLUHFWO\IURP
WKH&)'GDWDRU:7GDWD%XW LI WKHTXHVWLRQ LV ³GXULQJ D\HDUZKLFK LV WKH DYHUDJHSRZHU WKDW LW LV
H[SHFWHGWREHREWDLQHGDWDFHUWDLQURXWH"´WKHUHOHYDQWSRZHULVWKH³3VDLO´,QWKLVSRZHUWKHFRQFHSWRI
SUREDELOLW\LVLQFOXGHG




ZKHUH3VDYHG LV WKHSRZHUVDYHGZKLFK LVFDOFXODWHG IURPWKH WKUXVWREWDLQHGXVLQJ WKH&)'GDWDRU WKH
:7WHVWVIRUGLIIHUHQWYHVVHOVSHHGVZLQGVSHHGDQGDQJOH3UREZLQGLVWKHSUREDELOLW\RIKDYLQJDFHUWDLQ
ZLQGVSHHGDQGDQJOH)LQDOO\3UREVDLOLVWKHWRWDOSUREDELOLW\RIXVLQJWKHVDLOZKLFKGHSHQGVQRWRQO\RQ
WKH LQWHQVLW\ OLPLW RI NQRWV RI WUXHZLQG VSHHG EXW DSSDUHQW ZLQG DQJOH YDOXHV RYHU  DUH QRW
DIIRUGDEOHVLQFHWKHVDLORQO\URWDWHV7KLVSRZHUJLYHVWKHDQQXDODYHUDJHVDYHGSRZHUZKHQWKHVDLO
LVXSWDNHQLQWRDFFRXQWWKHZLQGRFFXUUHQFH
5HVXOWV
7KHPHWKRGRORJ\WRVWXG\WKHYLDELOLW\RIXVLQJWKHVWUXFWXUDOVDLOFRPELQHGZLWKFRQYHQWLRQDOV\VWHPV
KDVEHHQSUHVHQWHG)LUVWWKHVDLOSHUIRUPDQFHLVDQDO\]HGZLWKD&)'RUZLQGWXQQHOWHVWVWRREWDLQWKH
DHURG\QDPLFIRUFHV);)<)=$IWHUWKHDSSURSULDWHJHRPHWULFDOWUDQVIRUPDWLRQWKHWKUXVWLVREWDLQHG
7KHQDFRQVWDQWYHVVHOVSHHG96LVDVVXPHGWRFDOFXODWHWKHVDYHGSRZHU3VDYHG7KHQWKHQDYLJDWLRQ
URXWHLVVHWWRREWDLQWKHFRXUVHDQGWKHZLQGLQWHQVLW\GLUHFWLRQSUREDELOLW\)LQDOO\WKHH[SHFWHGSRZHU
3VDLOLVREWDLQHGDVZHOODVWKHSUREDELOLW\RIXVLQJWKHVDLO3UREVDLO

,Q WDEOH  WKH YDOXHV RI WKH DQQXDO DYHUDJH H[SHFWHG SRZHU DQG WKH SUREDELOLW\ RI XVLQJ WKH VDLO
FDOFXODWHGZLWKWKH&)'GDWDDUHSUHVHQWHG$VLWZDVH[SHFWHGWKHKLJKHUWKHYHVVHOVSHHGWKHORZHUWKH
SUREDELOLW\RIXVLQJWKHVDLODQGKLJKHUWKHREWDLQHGSRZHU7KHUHVXOWVLQGLFDWHWKDWLQDYHUDJHKDOIRIWKH
VDLO
ZLQGVDYHG
VDLO RE
RE33 3U
3Uu 
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WLPHGXULQJD\HDUWKHVDLOFRXOGEHKRLVWHG,WLVDOVRFRQFOXGHGWKDWWKHURXWHDWZKLFKWKHVDLO LVPRUH
LQWHUHVWLQJLVWKH/RELWR%DQDQDURXWH

7DEOH7KLUGJHRPHWU\VDLOSRZHUREWDLQHGZLWK&)'GDWD
 96 NQRWV 96 NQRWV 96 NQRWV 96 NQRWV
5RXWHV 3VDLON: 3UREVDLO 3VDLON: 3UREVDLO 3VDLON: 3UREVDLO 3VDLON: 3UREVDLO
.LHO±5LJD        
$EHUGHHQ±'XQNHUTXH        
$&RUXxD±%RXUGHDX[        
0DUVHLOOH±&DUWDJHQD        
$OH[DQGULD±7ULSROL        
/RELWR±%DQDQD        

,QWDEOHWKHUHVXOWVREWDLQHGZLWKZLQGWXQQHOGDWDDQG&)'GDWDDUHFRPSDUHGDWNQRWVRIYHVVHO
VSHHG,WFDQEHVHHQWKDWWKH&)'UHVXOWVRYHUHVWLPDWHWKHH[SHFWHGSRZHU$WWKLVYHVVHOVSHHGZKLFKLV
WKHGHVLJQVSHHGWKHGLIIHUHQFHEHWZHHQWKHWZRVRXUFHVRIGDWDLVEHORZ$VPHQWLRQHGEHIRUHWKH
ORQJLWXGLQDO IRUFH KDV EHHQ VLPXODWHG FRUUHFWO\ DQG WKLV LV WKH IRUFH FRPSRQHQW ZKLFK FRQWULEXWHV WKH
PRVW

7KH JRDO RI WKLV VWXG\ LV WKH GHPRQVWUDWLRQ RI WKH UHGXFWLRQ RI IXHO FRQVXPSWLRQ E\ XVLQJ WKH
VXSHUVWUXFWXUHDVDVDLO,WKDVEHHQDOUHDG\PHDVXUHGWKHFDSDELOLW\RIWKHVDLOWRSURYLGHDFHUWDLQDPRXQW
RISRZHU1RZWKLVSRZHUPXVWEHFRPSDUHGWRWKHSRZHUQHFHVVDU\ WRFRPSHQVDWHWKHK\GURG\QDPLF
UHVLVWDQFHDWDFHUWDLQFRQVWDQWVSHHG7KLVLVWKHHIIHFWLYHSRZHU(+3

,Q ILJXUHWKHHIIHFWLYHSRZHUDQGWKHH[SHFWHGSRZHU3VDLODUHSORWWHG7KHHIIHFWLYHSRZHUFXUYH
KDVEHHQREWDLQHGIURPWKH WRZLQJ WDQN WHVWVRI WKHILUVWKXOO LQVWXG\7KURXJKRXW WKHSURMHFWGLIIHUHQW
KXOO IRUPV KDYH EHHQ GHYHORSHG LQ RUGHU WR PLQLPL]H WKH K\GURG\QDPLF UHVLVWDQFH 7KHUHIRUH LW LV
H[SHFWHGWKDW WKHYDOXHVIRUWKHODVWJHRPHWU\LQVWXG\ZRXOGEHORZHUWKDQWKHYDOXHVSUHVHQWHGLQWKLV
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